Introduction: Simplifying the learning of cardiopulmonary resuscitation (CPR) is advocated
INTRODUCTION
Bystander cardiopulmonary resuscitation (CPR) is crucial in the 'chain of survival' in order to improve the survival outcome of out-of-hospital cardiac arrest (OHCA).
(1) The prevalence of bystander CPR remains relatively low worldwide, with reported ranges being 1%-44%. (2, 3) Barriers faced by bystanders to performing CPR were identified in previous studies, which included concerns regarding possible disease transmission during mouth-to-mouth (MTM) ventilation, poor skills retention, a lack of confidence and a fear of legal implication. (4, 5) In an effort to increase bystander CPR rates, the requirement of MTM ventilation was reviewed in the CPR guidelines. (6, 7) With supporting evidence that the application of continuous chest compression CPR was at least as good as standard CPR, (8) continuous chest compression CPR was recommended as an alternative method for those who are unable or unwilling to perform MTM. (9, 10) However, given that this is only an alternative method for CPR, the learning of standard CPR that includes MTM ventilation remains unchanged.
Another psychomotor learning in bystander CPR, which remains unchanged despite existing evidence, is the method of locating the landmark for chest compression. (11) The conventional method of locating the landmark with one-finger breath above the xiphoid process, by tracing the lower margin of the victim's rib cage, was found to prolong interruptions of chest compressions compared to the placement of the heel of hand over the centre of the chest. (12) A major obstacle to achieving public proficiency in CPR is the poor acquisition and retention of the necessary knowledge and skills. (13) (14) (15) The complex psychomotor tasks involved in the learning of bystander CPR have prompted the need to simplify CPR training procedures. In applying the cognitive load theory, simplifying the steps to be learned could help to reduce the cognitive load imposed on the learner's working memory, and thereby aid learning and memory. (16) Considering the importance of delivering high-quality chest compressions, it would be reasonable to simplify CPR training by focusing lay rescuers' learning on continuous chest compressions, with a simple landmark tracing technique for chest compression. In this study, we aimed to determine whether the simplification of psychomotor skills involved in CPR would lead to better acquisition of the CPR algorithm and sustain the quality of CPR performance in the long term.
METHODS
A prospective randomised controlled trial with a post-test design was conducted at the Centre for Healthcare Simulation, Yong Loo Lin School of Medicine, National University of Singapore, Singapore, from November 2013 to January 2014. Ethical approval was obtained from the university's institutional review board. Participants were recruited via convenience sampling. They were recruited using recruitment posters, which were put up in public accessible areas. The target population was laypeople who were aged 21-60 years and possessed a minimum educational qualification of 'O' levels. A wide age range was chosen so that it lay within the age range of a typical bystander in the community. Only participants with a minimum of 'O' levels educational qualification were eligible, as the teaching contents used in the study required a minimum of elementary level comprehension. Participants were excluded if they had been diagnosed with any medical condition or were pregnant. The findings of a previous study were used to estimate the required sample size. (17) Using an effect size of 0.63, power analysis suggested at least 35 participants in each group to achieve 80% power at 5% level of significance. Taking into consideration possible attrition, 90 participants, with 45 in each group, were recruited.
Out of a total of 90 interested participants, 85 participants met the eligibility criteria and gave their consent. The participants were randomly assigned to either the simplified or standard CPR group using computer-aided randomisation stratified by gender (men or women) and age (under 40 years or over). Gender and age have been shown to be factors affecting the quality of CPR. (18, 19) The use of stratified randomisation ensured that the groups were comparable with regard to their specific demographic characteristics, thereby reducing known variability. (20) The grouping allocation was concealed from the participants. (10 sec About two months following the training, participants from both groups undertook post-tests on a simulated scenario at a university simulation laboratory. A total of eight participants -three from the simplified CPR group and five from the standard CPR groupdid not turn up for the post-tests (Fig. 1) . In the post-tests, a scenario of a woman who suddenly collapsed on the floor in a shopping mall was presented to the individual participants. A recording manikin was used, with the manikin disguised as a woman dressed in a wig and long dress, with glycerine smeared around her mouth to simulate saliva secretions. Before the simulation post-test, each participant was given a brief synopsis of the scenario and instructed to perform the tasks that they would do in real life. During the simulation tests, the assessors acted as passers-by who observed and rated the participant's performance using the CPR algorithm checklist. A research assistant recorded the time taken by the participants to initiate CPR, which started from the beginning of the scenario until first compression was initiated. Each test lasted 8 minutes before they were informed that help had arrived. The participant's CPR performance was recorded by the Resusci Anne® SkillReporter TM manikins. The entire simulation test was recorded on video.
A CPR algorithm, which is a seven-item checklist (Table II) , was adapted and modified from the Cardiff test (V3.1) to evaluate the participant's performance when recognising a cardiac arrest event and carrying out actions in a correct sequence. (22) The
Cardiff test (V3.1) was developed to assess CPR and automated external defibrillation performance from analyses of video recordings and the data drawn from a recording strip attached to a manikin. (22) The total score for the CPR algorithm checklist was calculated by adding the scores for the 7 items, with a maximum possible score of 25. Descriptive statistics were used to determine any differences in demographic characteristics between groups. Chi-square or Fisher's exact test was computed for categorical variables (e.g. gender and ethnicity) while independent t-test was used for continuous variables (e.g. age). Analysis of covariance was conducted to compare the posttest scores between the two CPR groups, with adjustments for age and gender.
RESULTS
Out of the 85 participants recruited, 44 were allocated to the simplified CPR group and 41
were allocated to the standard CPR group. 41 (93.2%) participants from the simplified CPR group and 36 (87.8%) participants from the standard CPR group completed the study. There were no significant differences in demographic characteristics between the two groups (Table   III) , indicating homogeneity among the participants. Hands-off time was significantly shorter in the simplified CPR group than the standard CPR group (88.35 ± 52.84 seconds vs. 198.52 ± 60.00 seconds; p < 0.001). This implied that, in an eight-minute time period, a participant performing standard CPR paused for an average of three minutes to perform ventilation whereas a participant performing simplified CPR would only pause to rest for one-third of that amount of time.
13 of 33 (39.39%) participants from the standard CPR group did not attempt to perform any MTM ventilation. Among those who performed ventilation, the average inflation volume achieved by more than half of the participants (57.14%) was either too little (< 400 mL) or too much (> 600 mL).
DISCUSSION
This study provided evidence that supports the use of a simplified CPR training programme for improved CPR algorithm learning and performance. In our study, much effort was directed at enhancing the realism of the simulated OHCA to assess participant performance under more realistic conditions. A lack of realism in the test scenario was acknowledged by previous studies. (17, (23) (24) To mimic a realistic OHCA event, the recording manikin in our study was disguised as a woman dressed in a wig and long dress, with glycerine smeared around her mouth to simulate saliva secretions. The test duration was set to be eight minutes, so as to better mimic the local ambulance response time.
Our study showed that the participants in the simplified CPR group performed significantly better on the CPR algorithm than those in the standard CPR group two months after training. Although the evaluation of CPR learning retention from baseline was not measured in our study, there were consistent findings reported from previous studies on the deterioration of CPR learning over time. (17, 25) Despite the potential of learning deterioration in both trainings, our study provided evidence on the long-term effectiveness of simplified CPR training over standard CPR for better facilitating the learning and retention of CPR steps. The learning of continuous chest compressions without MTM ventilations and a onestep landmark tracing technique reduced the number of psychomotor steps to be learned in the simplified CPR training. This training therefore helped to promote better acquisition and retention of learned skills. Conversely, the considerable amount of psychomotor skills to be learned and performed in the standard CPR algorithm placed unrealistic demands on the learning curve of bystanders. (26) According to Riegel et al, simplifying the current standard CPR may allow laypeople to learn and remember the vital steps and actions that could help save a life in the event of a real emergency. (27) In this study, we postulated that the ability to recall the simplified CPR algorithm could have translated into the shorter time taken for the initiation of compression. Although the simplified CPR group took an average of about nine seconds shorter to initiate compression, the difference was not significant when compared to the standard CPR group.
Considering the fact that every one-minute delay can reduce a victim's survival rate by 7%-10%, the longer time taken by participants doing standard CPR to initiate compression could be clinically meaningful. This finding is inconsistent with previous studies that reported a significantly shorter time taken by chest compression CPR groups when compared to conventional CPR groups. (14, 28, 29) A possible explanation could be that, unlike our study, the CPR guideline used in previous studies involved the delivery of two rescue breaths before initiating compressions. The aversion to MTM rescue breathing has often been pointed out as reason for participant hesitation to initiate CPR. (30) This study clearly demonstrated that participants who took simplified CPR training could perform a greater number of chest compressions with fewer interruptions compared to those receiving standard CPR training. In our study, participants performing standard CPR paused three times longer than the duration paused by participants performing simplified CPR. The compressions were paused during standard CPR to perform MTM ventilation.
However, our findings showed that nearly 39.4% of participants in the standard CPR group did not perform MTM ventilation. A possible reason could be the saliva secretions that were made visible around the tested manikins' mouths. Even among participants who attempted MTM ventilation, most were unable to attain the appropriate amount of ventilation during the eight-minute testing. Given the difficulties of attaining effective ventilation, which was also reported in previous studies, (17, 24) it would be reasonable to focus on chest compression for OHCA. Although keeping ventilation in CPR is important for asphyxia-associated arrest, such an arrest is less common than an arrest from a cardiac origin in adult victims. Even with standard CPR, the chances of survival from asphyxia associated arrest is poor. (8) Besides MTM ventilation, the complicated method of identifying the anatomical landmarks for hand placement in the standard CPR technique could have further contributed to the length of pause among participants performing standard CPR. (12) Our study also showed that the simplified CPR group could deliver a higher number of adequate compressions and up to three times the proportion of adequate compressions when compared to the standard CPR group. Previous studies have shown inconsistent results, with some finding that simplified CPR resulted in a significantly higher number or proportion of adequate compressions, (28, 31) whereas others reporting that simplified CPR delivered an equal, if not lower, number or proportion of adequate compressions when compared to standard CPR. (32) According to Trowbridge et al, pausing for MTM ventilation in standard CPR could function as a 'break time' for the rescuer to rest their arms, hence causing lesser rescuer fatigue and possibly promoting adequate compression. (32) The variation of outcomes on adequate compression across studies could have been influenced by participant characteristics and the duration of tests, which have been found to be associated with rescuer fatigue. (31) Nevertheless, given that both CPR groups in our study received an equal length of training, the lesser amount of content received by the simplified CPR group could have enabled its participants to have more time to focus on practising the proper chest compression technique. This opportunity to engage in deliberate practice is essential to achieving longterm retention of learning. (33) Our study had several limitations. First, our participants possessed at least a minimum educational qualification of 'O' levels, which may not be representative of the general population. Second, with the absence of testing before (baseline) and immediately after training, we did not compare the CPR performance at these two time-points, which may have been of relevance for determining the level of retention. Third, although CPR performance was evaluated using a simulated scenario mimicking a realistic OHCA, the study outcome cannot be directly applied to a real setting. Last, there were some technical faults seen in the Resusci Anne® SkillReporter TM manikins, which resulted in the failure to capture some participant performances and missing data.
In conclusion, simplified CPR training for laypersons, by focusing on continuous chest compressions, with a simple hand placement for chest compression, could lead to better acquisition and retention of CPR algorithms, and better quality of chest compression when compared to the standard CPR programme. This easy-to-learn CPR will not only encourage the public to acquire CPR skills but also increase their likelihood of performing it should the need arise. 
